To define the pathology in cases of non-Alzheimer primary degenerative dementia (non-AD PDD), we have studied autopsies from four medical centres accessioned in consecutive years since 1976. Neurochemical studies of the basal forebrain-cortical (BF-C) cholinergic system have been conducted in cases from which frozen tissue was available. Twenty-two cases (mean age 70 years, range 47-86) in which the history was consistent with PDD, but which did not meet anatomic criteria for AD, were selected. Approximately 70 cases of PDD, which were accessioned in the same years and met the anatomic criteria for AD, were excluded. The pathologic findings permitted a classification into six groups: Lewy body disease (LBD), 4 cases; Pick's disease, 6 cases; cortical degeneration with motor neuron disease (CDmnd), 2 cases; hippocampal and temporal lobe sclerosis, 3 cases; few or nonspecific abnormalities, 5 cases; other disorders, 2 cases. Our findings suggest that LBD and Pick's disease account for a large proportion of cases of non-AD PDD in the presenile age group, but that a large number of other disorders occasionally present as PDD. Careful examination of the motor systems, as well as cerebral structures relate' to cognitive function, is important in the neuropathologic evaluation. Lesions of the BF-C cholinergic system have been most consistent and severe in LBD, and have not been identified in CDmnd. RESUME: La demence primaire d'origine degenerative sans les caracteristiques pathologiques de la maladie d'Alzheimer. Nous avons etudie du materiel d'autopsies accumule depuis 1974, provenant de quatre centres medicaux, afin de preciser la pathologie chez les cas de demence primaire d'origine degenerative de type non-Alzheimer (DPD non-MA). Nous avons procede a des etudes neurochimiques du systeme cholinergique du cortex de la face inferieure du prosencephale (C-IP) chez les cas pour lesquels du tissu congele etait disponible. Nous avons choisi 22 cas (age moyen 70 ans, ecart 47-86) qui avaient une histoire compatible avec une DPD, mais qui ne correspondaient pas aux criteres anatomiques de la MA. Nous avons exclu a peu pres 70 cas de DPD, accumules au cours des memes annees et qui rencontraient les criteres anatomiques de la MA. Les constatations pathologiques nous ont permis de classifier ces cas en six groupes: la maladie a corps de Lewy (MCL), 4 cas; la maladie de Pick, 6 cas; la degenerescence corticale avec maladie du neurone moteur (DC mnm), 2 cas; la sclerose de l'hippocampe et du lobe frontal, 3 cas; peu d'anomalies ou des anomalies non specifiques, 5 cas; d'autres affections, 2 cas. Ces observations nous autorisent a penser que la MCL et la maladie de Pick sont responsables d'une grande partie des cas de DPD non-MA chez les patients qui sont dans le groupe d'age pre-senile, mais que une grand nombre d'autres affections se prSsentent occasionnellement comme la DPD. II est important d'examiner attentivement les systemes moteurs ainsi que les structures cerebrales en rapport avec les fonctions cognitives lors de ['evaluation du systeme cholinergique du C-IP, qui sont les plus constantes et les plus severes. Ces lesions sont absentes dans la (DC mnm).
Despite this reassuring record of clinical diagnosis, there are numerous cases of PDD which do not have the pathologic features of AD at biopsy 5 ' 67 or autopsy. 2 -3 ' 78 The clinician or the pathologist confronted with such cases may have difficulty in choosing further studies, because there has been no satisfactory classification of PDD without Alzheimer pathology. This deficiency has also impeded application of basic research strategies used in AD.
In an effort to define the spectrum of non-AD PDD, we conducted a study of autopsies in which the history was consistent with PDD. The cases which did not meet pathologic cri-teria for AD could be classified on the basis of neuropathologic features. Because these cases resembled AD clinically, and because lesions of the basal forebrain-cortical (BF-C) cholinergic system are believed to play a major role in the neuropsychologic deficits of AD, we have studied chemical and anatomic aspects of this system in cases from which appropriate material was available.
MATERIALS AND METHODS
Autopsy material from four medical centres, accessioned in consecutive years since 1976, served as the source of the case material. Cases were selected for study only if the clinical records indicated the presence of dementia consistent with PDD. Anatomic and chemical methods have been previously d e s c r i b e d . 9 1 0 " 1 2 The silver stains used (Bielschowsky, Naoumenko-Feigin, Sevier-Munger, and Bodian) were those in routine use by the participating laboratories for detection of NP and NFT. All cases selected had fewer than seven NP per mm 2 of neocortex, NFT were identified in the hippocampus of a few cases in groups I and V, but were rare in neocortex.
RESULTS
Twenty-two cases of PDD which did not meet anatomic criteria for Alzheimer's disease were identified and were classified according to the neuropathologic findings (groups I-VI). Approximately 70 cases which met anatomic criteria for AD, and which were identified in the autopsy material accessioned during the same years, were excluded from this study.
Group I. Lewy Body Disease
Clinical and pathological data on these four cases are shown in Tables lAand IB. Moderate numbers of NP were present in case 1-1, but these were rare in the other three cases (Table IB) . Lewy bodies were numerous in the usual subcortical sites of all these cases.
In cases 1-1 and 1-2, our anatomic and chemical findings indicate severe damage to the BF-C cholinergic system. Maximum population density of neurons in the midportion of the NBM, expressed as neurons/mm 2 , were approximately a third those of controls (case I-1,54 ± 8; case 1-2,58 ± 8; controls, 167 ± 29; all values expressed as mean ± SEM). Choline acetyltransferase (CAT) activity in neocortex was about one fifth that of controls (case 1-1,1.02 zt 0.22; case 1-2,0.97 ± 0.08; controls, 5.35 ± 1.40 nmol/mg protein/hr, all values expressed as mean ± SEM). 13 
Group II. Pick's Disease
We have subdivided these cases to correspond to groups A, B, and C of Constantinidis et al. (14; Tables 2A, 2B ). In variant A, both Pick bodies and swollen chromatolytic neurons (SCN) were identified; in variant B, there were SCN but no Pick bodies. In our one case of variant C (He-1), where neither Pick bodies nor SCN were identified, the sharply circumscribed frontal atrophy (Figure 1) , and a distribution of subcortical lesions similar to that in case IIa-3, led to its inclusion as a case of Pick's disease.
Studies of neocortical CAT in case IIb-1 and of representative sections of the NBM in cases IIb-1 and IIb-2 revealed no lesions of the BF-C cholinergic system. 9 In case IIa-2, representative sections of the NBM showed no difference from normal controls.
Group III. Cortical Degeneration with Motor Neuron Disease (CDmnd)
Clinical and pathological data are shown in Tables 3A and  3B . In neither case could we identify lesions of the BF-C cholinergic system. CAT activity in neocortex of case III-1 was 3.78 ± 0.92 nmol/mg protein/hr (Controls, 3.89 ± 0.93, mean ± SEM). Cell counts in the NBM were normal. 15 
Group IV. Hippocampal and Temporal Lobe Sclerosis
In case IV-1, loss of pyramidal cells from the hippocampus was marked, while lesions in neocortex were less severe. In cases IV-2 and IV-3, the relative severity was reversed, with Fewer than 1 NP/mm 2 of neocortex; NFT rare. Cortical degeneration less than expected from extent of gross atrophy. Severe cell loss in substantia nigra, gliosis in neostriatum.
hippocampal damage less severe than the lesions of temporal cortex (Tables 4A and 4B ). The possibility that IV-2 and IV-3 represent cases of Pick's disease is discussed below.
Group V. Few or Nonspecific Findings
Clinical and pathological data are shown in Table 5 . The cases in this group were on the average older at the time of death (80 ± 4 years, mean ± SEM) than cases in the other groups (67 ± 8 years).
Group VI. Other Disorders
Two different disorders are included in this group (Table 6 ). Multiple small infarcts associated with subcortical demyelination and axonal loss, and moderate loss of neurons from the NBM, were identified in case VI-1. In case VI-2, severe degeneration of subcortical white matter, descending motor pathways, thalamus, and other subcortical nuclei, were salient features; no infarcts were identified.
DISCUSSION
In the cases of this report, the extent of Alzheimer-type degeneration was insufficient to account for the dementia. In all cases except those of group V, another form of CNS degeneration was prominent, and appeared to have played a major role in the cognitive dysfunction.
A retrospective study of autopsy material has certain limitations. Clinico-anatomic correlations cannot be as precise as in prospective studies. 2, 3 In the present series, the clinical diagnoses rendered did not make explicit reference to a uniform set of criteria for PDD. Nonetheless, our results suggest that the standards of clinical evaluation in these cases were appropriate. The lesions we identified were those of chronic CNS degeneration, in most cases likely to be indistinguishable from AD on clinical grounds. A comparison of our findings with previous reports provides additional insight into this problem.
Lewy Body Disease
The term "Lewy body disease" (LBD)' 6 encompasses most cases of idiopathic Parkinson's disease, but uses a pathologic feature rather than a clinical syndrome as the basis for the designation. Since many of these cases present with mental 36 In some LBD cases, BF-C cholinergic system lesions occur with very few NP or NFT. 25,27,29, 32,37, P resent cases T h e , a c k 0 f correlation between BF-C cholinergic lesions and AD type pathology is illustrated by our cases I-1 and 1-2. Severe loss of cortical CAT activity and depletion of NBM neurons in each case was associated with moderate numbers of neocortical plaques in the first case and virtually none in the second.
Pick's Disease
The difficulty of distinguishing AD from Pick's disease on clinical grounds is well known. 38 Large autopsy series of Pick's disease cases have been published. 14, 39 We include in this series a case (IIc-1) without Pick bodies or SCN, similar to the group C cases of a previous report.
14 The sharply circumscribed atrophy of frontal cortex in this case corresponds to Pick's lobar atrophy; and the involvement of subcortical nuclei closely resembled that in case IIa-3. Retention of such cases as a variant of Pick's disease both favors simplicity and emphasizes important distinctions. The pathological diagnosis of such cases remains problematic, however, 9,40 much like the diagnosis of "Creutzfeldt-Jakob disease" and related entities prior to 1960.
There are reports describing involvement of the BF-C cholinergic system in Pick's disease, 41, 42 and others in which this system was studied and no significant loss of NBM neurons or CAT activity in cortex was identified. 7 «-»6. P resent cases iia-2. iib-i,iib-2 j n j s var i a bj]ity f rom case to case may be related to the pathogenetic mechanism of cell loss in the NBM. Specifically, the loss of neurons in the basal forebrain in Pick's disease could be a late, retrograde consequence of cortical degeneration, and dependent on duration and severity of cortical involvement for its appearance. Cases of short duration with severe nbM cell loss have been reported, however. 41 Correlation of chemical and anatomic findings in cortex with cell counts in the NBM of individual cases will help clarify the significance and frequency of BF-C cholinergic system lesions in Pick's disease.
Cortical Degeneration Associated with Motor Neuron Disease (CDmnd)
Most cases with these features are probably related to amyotrophic lateral sclerosis. 47 " 50 Similar cases have been reported as Pick's disease with ALS, 51, 52 Creutzfeldt-Jakob disease, 50 dementia with amyotrophic lateral sclerosis, 47 ,48 a distinct entity of dementia with motor neuron disease, 53, 54 or as unusual cases of dementia in which pathologic involvement of the motor neurons is discovered at autopsy. 55 A common pathogenesis and etiology may unite many of them. Their existence emphasizes the importance of carefully examining the motor system in cases of PDD. Data on the motor systems in classic Pick's disease and variants would help clarify the interface between Pick's disease and CDmnd.
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Damage to cholinergic motor neurons is a hallmark of these cases. In contrast, no lesions of the BF-C cholinergic system have been identified, 4956 findings in accord with our data. Thus the available evidence suggests that lesions of the BF-C cholinergic system do not play a significant role in the dementia of CDmnd.
Extensive amyloid angiopathy like that in case III-2 is commonly associated with NP, but the numbers are often small. 57 -58 The rarity of NFT and NP in our case excluded the diagnosis of AD. The diffuse cortical degeneration and the dementia were more likely related to the neurodegenerative process than to the amyloid angiopathy, although a contribution of the latter is difficult to exclude. 82 year old woman with mild "senile organic brain sydrome" for several months; normal brain scan 2 months prior to death. V-5 86 yearold man with chronic dementia. VI-2 47 year old man, 9 year history of dementia. "Blurred" vision. Personality change. Impaired calculations, poor coordination. Evaluation 6 years before death indicated advanced cerebral cortical atrophy without involvement of cerebellum or basal ganglia. Shuffling gait, slurred speech, wheelchair, then bedridden state with muscle "rigidity" preceded death.
Hippocampal and Temporal Lobe Sclerosis
At least seven such cases have now appeared in reports on p D D 2 . 3 , p r e s e n t cases b u t k ; s n Q t c , e a r ^ t h e $ e c a s e s r £ _ present a distinct entity. Preferential damage to amygdala, hippocampus, and temporal cortex can result from various disorders, and occasional cases of each might present as PDD. Disorders other than AD which can preferentially affect these structures include Pick's disease, limbic encephalitis, herpes simplex encephalitis, and ischemia. In two of our three cases (1V-2 and IV-3), a preferential atrophy of anterior temporal and frontal regions suggested the possibility of Pick's disease on gross examination. Lesions of the hippocampus in these two cases were much less extensive than those of temporal neocortex. This order of severity is identical to that observed by Constantinidis in the Pick's disease cases of group C with atrophy predominantly in the temporal region; he noted that the hippocampus was routinely''spared" in these cases. 14 We did not classify cases I V-2 and IV-3 as Pick's disease because we could not document either a circumscribed lobaratrophy orthe SCN or Pick bodies of that disorder. 
Pathological Data
Brain weight 1210 grams. Moderate cortical atrophy. Lacunar infarct in thalamus, other small infarcts in cortex. Transsynaptic degeneration of both mammillary bodies. Large, discrete, relatively symmetric zones of subcortical demyelination with variable axonal loss but without cavitation. Demyelinated areas resembled plaques of multiple sclerosis in some areas, notably cerebellum, pons, and spinal cord. Congo red stains negative for amyloid angiopathy. Cortical biopsy 6 years before death showed no specific pathologic change. Brain weight 1139 grams. Extremely wide sulci, especially over frontal convexities; markedly enlarged ventricle; extensive atrophy and discolouration of subcortical white matter. Severe atrophy of thalamus, marked atrophy of caudate. Histologically, severe neuronal loss in several thalamic nuclei, severe degeneration of subcortical fibres and corticospinal tracts, swelling and chromatolysis of almost all neurons in nuclei basis pontis.
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THE CANADIAN JOURNAL OF NEUROLOGICAL SCIENCES Limbic encephalitis may occur in the absence of detectable neoplasia. 59 Inflammatory cells may be sparse in the residual lesion, with neuronal loss and gliosis involving hippocampus, amygdala, and adjacent neocortex as the dominant neuropathological features. 60 ' 61 Cortical and subcortical areas outside the limbic system are affected in some cases. 61, 62 A number of reports have described cases with hippocampal sclerosis, in which limbic encephalitis was the final diagnosis 59, 6163 or was consistent with the data provided in the report. 60, 64 Some cases of hippocampal sclerosis, such as our case IV-1, may represent sequelae of limbic encephalitis. The possibility of altered expression of herpes simplex encephalitis should also be considered in these patients; efforts at in situ hybridization may be warranted.
Volpe et al 65 have recently reported cases of dementia associated with bilateral medial temporal lobe ischemic lesions. Clinical and pathologic features in our cases did not support an ischemic cause. Atherosclerosis was minimal in the two cases where it was specifically mentioned; there was no clinical or pathologic evidence of significant hypertension; and the distribution of the lesions did not correspond to the territory of a particular vessel.
Few or Nonspecific Findings
Correlation between morphologic findings and the history of dementia was unsatisfactory in these cases. Small numbers of neuritic plaques, occasional small infarcts, and a few neurofibrillary tangles confined to the hippocampus were characteristic findings. Previous reports have included cases with little apparent pathologic change at autopsy. 2, 3, 7, 8 The problem arises in a large percentage of biopsied cases. The average age in group V was greater than in other groups of this study. Nonspecific cell loss or other factors difficult to detect with standard microscopic evaluation may have contributed to the cognitive dysfunction. Moreover, we cannot exclude the possibility that depression, systemic illness, or medications played a role in one or more of the cases in this group.
Other
The first of our cases in this group resembled cases reported by Heffner et al, 66 but we were unable to document amyloid in cerebral vessels. Mechanisms described by Feigin 67 may have been of pathogenetic importance. The second case resembles some reported cases of thalamic degeneration, 68 but the severity of subcortical axonal destruction was distinctive.
These cases and other entities, such as progressive subcortical gliosis, 69 emphasize the difficulty of classifyingPDD. Recent reports indicate that occasional cases of progressive supranuclear palsy, 70 of Creutzfeldt-Jakob disease, 71 of dementia with HTLV-III/LAV infection of the CNS, 72 and of neuronal intranuclear hyaline inclusion disease (Munoz-Garcia and Ludwin, present symposium) are difficult to distinguish from AD on clinical grounds.
Conclusion
Precision of clinical diagnosis in PDD may improve with use of neuropsychologic testing, 73 chemical studies of the cerebrospinal fluid, 74 and recent advances in brain imaging. 75 A clearer definition of the anatomic and chemical basis for non-AD PDD will facilitate these efforts. Previous reports relevant to this problem 2, 3, 5, 7, 17, 20, 55, 76 ' 79 have indicated the importance of LBD, 2,3.17,20.79 pi c k' s disease, 7, 76 and CDmnd; 55 and the existence of cases with hippocampal sclerosis. 2, 3 In the present study, Pick's disease and Lewy body disease were the two major forms of non-AD PDD; but our findings and other reports indicate that a large number of other disorders occasionally present as PDD.
The BF-C cholinergic system is damaged in cases of LBD, and the lesions of this system may be important in the mental disturbances. There is no evidence for damage to this system in CDmnd. In Pick's disease, involvement of the NBM is variable and may occur later in the disease process, possibly as a result of retrograde degeneration following cortical damage.
